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| Engine control module E monitors piston position and Step 1
angine speed so as to send command to : |
elaectromagnetic wave source Bl to generate
alectromagnetic waves accordingly

Eleciremagnetic wave source Bl generates _/
| electromagneticwaves at the resonant frequency |

corresponding to prevailing ignition advance angle

Step 3

Transmission line B2 transmits electromagnetic waves k

te B4

to the coupling modu

Step 4

| The coupling antenna B3 in the coupling module B4 |
| emits.and couples efectromagneticwaves resonant to |
| the cylinder at the ignition advance angle, vielding an |
electrical field strength reaching the threshold
intensity for homogenous charge ignition
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HOMOGENOUS CHARGE
ELECTROMAGNETIC VOLUME IGNITION
INTERNAL COMBUSTION ENGINE AND ITS
IGNITION METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention 1s concerned with the automotive
industry, fuel combustion and electronic technology. More
specifically, the invention relates to an air-tuel pre-mixed
homogeneous charge electromagnetic volumetric ignition
internal combustion engine and 1ts 1gnition method.

2. Description of Related Art

The most commonly used ignition systems in internal
combustion engines (ICEs) are classified into two main
types: (a) spark ignition (SI), which 1gnites air-fuel mixture
with high voltage discharges; and (b) compression ignition
(CI), which 1gnites fuel with compressed air at a high
temperature. Spark 1gnition can be applied to gasoline
engines, natural gas engines, and bi-fuel (gasoline and
natural gas) engines, as well as electric and ICE hybnid
engines. Compression ignition 1s mainly used for diesel
engines. Take the gasoline engine as an example for SI. A
pulse of voltage of over 8-10° V is applied between two
clectrodes of the sparkplug inside the ICE cylinder, where
the distance between the two electrodes 1s no more than 1
mm. This creates an equivalent instantaneous electric field
of 8x10° V/m between the electrodes, where discharges
occur under this strong electric field, leading to 1gnition and
combustion of the air-fuel mixture inside the ICE cylinder.
The sparkplug in the natural gas engine follows the same
ignition principle. Because the minimum energy required to
ignite natural gas 1s more than gasoline, the distance
between the electrodes 1s hence shortened to 0.3-0.45 mm,
resulting 1n an electric field with a higher equivalent field
strength to provide a higher ignition energy.

Table 1 shows the characteristics of gasoline and natural
gas at 0 degree centigrade and 1 atm:

TABLE 1

the characteristics of gasoline and natural gas
(at O degree centigrade and 1 atm)

Fuel

Gasoline Natural gas
Molecular formula C H, g, CH, (82.2%)
Density (kg/m?) 750 0.782
Ignition point (° C.) 220-470 630-730
Ignition advanced angle (°) 5-40 15-50
Air-fuel ratio in theory 14.6 16.34
Minimum energy to 1gnite 0.24 0.29

fuel mm air (ml)

The distance between the electrodes 1s usually very small
(about 1 mm) to guarantee the discharges, even smaller for

the natural gas engine. In other words, the discharge only
occurs 1n a small area, which 1s just a point compared with
the entire volume of the cylinder. Therefore, combustion
begins with a single point of chemical reaction, which often
results 1 incomplete combustion and loss of energy efli-
ciency due to the SI point 1gnition method.
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Unlike SI, 1n CI, the air 1s first heated 1n the cylinder by
the compression within a short period of time. The tempera-
ture of the air has reached the 1gnition point of diesel when
the fuel 1s sprayed into the cylinder and the combustion
starts. The 1gnition performance, and the initial stage of
combustion, 1s much aflected by how the diesel 1s sprayed
into the air, but the spray creates a larger volume of 1gnition.
Hence, the CI performance 1s better than SI. Because the
ignition temperature of diesel 1s higher than gasoline, how-
ever, the CI temperature 1s higher than SI, leading to more
NO, chemical reactions and exhaust emissions. Another
1ssue of CI 1s that, the combustion often results i1n more
emission of PM,, and other particulate matter, which can
hardly be neutralized with a catalytic converter.

The 1gnition method and timing are different with ditler-
ent types of fuels. For a dual fuel ICE, the 1gnition timing 1s
often set to a compromised timing so as to accommodate
both types of fuels.

The difference between SI and CI results in different
engine structures. Usually, the cylinder of the diesel engine
1s built to stand higher pressures and temperatures. The
cylinder wall of the CI engine has to be thicker than that of
the gasoline engine. As a result, the cost of a CI vehicle 1s
higher than an SI one.

Combing both the SI and CI methods, a homogeneous
charge compression ignition (HCCI) engine uses compres-
s1on like 1n a CI engine to 1gnite the air-fuel mixture like 1n
an SI engine, thereby 1gniting a larger volume of fuel 1n the
cylinder and thus delivering certain combined merits of SI
and CI. Mazda has recently developed a new type of HCCI

engine (CN104047766A), which uses sparks to assist the
HCCI. It has been proven by Mazda that HCCI can largely
increase the energy ethiciency and improve combustion
performance. However, as opposed to open-loop control for
an SI engine, all HCCI control methods are based on
closed-loop control, requiring real-time sensing of 1n-cylin-
der pressure and/or temperature. Hence, in HCCI, 1t 1s
difficult to predict or control practically how and when the
temperature rises to the 1gnition point. Before Mazda, Gen-
eral Motor Corporation (CN101454551B), Toyota
(CN100416058C) and other ICE manufacturers had filed
several patents on HCCI but only has Mazda brought this
technology to products.

In the present invention, electromagnetic wave, such as
microwave, 1s used as the energy source on air-fuel mixtures
to create volumetric 1gnition, as opposed to the point ignition
like 1 an SI engine and to the stratified ignition like 1n a CI
engine. The use of electromagnetic wave as the i1gnition
source leads to the homogeneous charge electromagnetic
volumetric 1gnition (HCEMVI) ICE. The electromagnetic
frequency of an HCEMVI engine 1s at or 1s closest possible
to the resonant frequency of the cylinder head corresponding
to the piston position at the pomnt of optimal 1gnition.
Compared with existing engines, the HCEMVI engine of
this 1nvention offers the following merts: 1) it 1s based on
open-loop control, similar to SI, without the need for costly
(and often 1naccurate) in-cylinder pressure or temperature
sensing; 2) an HCEMVI system can be installed in a modern
gasoline engine without changes to its mechanical structure,
air-fuel charge ratio or compression ratio; 3) lean combus-
tion limait 1s increased from SI, which reduces fuel consump-
tion; 4) 1t results 1n higher energy etliciency and lower CO,
and pollutant emissions per mile; 5) the combustion 1s more
stable than SI; 6) it increases the cost-performance ratio of
the vehicle and would save the costs associated with other
vehicle components such as the cooling system, the catalytic
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converter, and the particulate filter, 7) 1t 1s easy to adapt to
different engine types including gasoline, natural gas, dual

tuel, and hybrid engines.

In recent years, researchers have undertaken much work
to mtroduce electromagnetic wave as an ignition means to
the internal combustion engine (CN102360868,
CN102410126, CN105822484A). However, difliculties still
exist 1n ensuring that an adequate power of electromagnetic
waves can be delivered at optimal 1gnition advance angles,
and that power supply to the wave source can be adequately
provided by the onboard vehicle accumulator.

In an mternal combustion engine, the cavity geometry of
a fixed-shape cylinder 1s not fixed due to the movements of
the piston. Hence, the resonant frequency of the cylinder
head varies as the piston moves. At present, in related art, the
frequency of the electromagnetic wave used 1s fixed, such as
2.45 GHz generated by a magnetron, which 1s based on a
vacuum tube. This fixed-frequency electromagnetic wave
cannot adapt itself to resonance or to different engine
conditions, causing resonant frequency mismatch and hence
requiring an impractically high power supply of the onboard
vehicle accumulator.

SUMMARY OF THE INVENTION

The present invention provides an air-fuel premixed
homogenous charge electromagnetic volumetric 1gnition
(HCEMYVI) mternal combustion engine (ICE) and its 1gni-
tion method. This mvention differs from existing related art
(e.g., CN102360868, CN102410126, CN105822484A) 1n
that the electromagnetic wave frequency 1n this HCEMVI
method 1s varied to match or be closest possible to the
resonant frequency of the cylinder head corresponding to the
piston position at optimal igmition advance angle at all
speeds. This method makes the electromagnetic wave reso-
nant in the cylinder head at the required time of 1gnition for
cach engine and hence requires a minimal power input from
the onboard vehicle accumulator. Finally, the 1ignition timing,
can be controlled precisely by controlling the electromag-
netic wave injection time, avoiding unnecessary plasma

generation that decreases the strength of the resonant elec-
tromagnetic field (CN101981305, U.S. Ser. No. 10/066,

520).

Technical details 1n the present invention: one kind of
HCEMVI of an ICE with one or more cylinders and an
clectronic engine control unit, an electromagnetic wave
source with 1ts power supply, an HCEMVI coupling module
with its electromagnetic wave emitters and transmission
lines. The coupling module connects the electromagnetic
wave source to the cylinders of the engine. The engine
control module controls the 1gnition timing and the genera-
tion of the electromagnetic waves. The frequency of the
clectromagnetic wave source 1s adjusted to meet different
resonant frequencies for different conditions and types of the
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air-fuel premixed engines and different types of fuels.

Fuel and air are mixed before the injection of the elec-
tromagnetic wave, such as microwave.

The frequency of the electromagnetic wave 1s adjusted
closest possible to the resonant frequency of the cylinder
head when the piston 1s at the optimal 1gnition advance angle
according to the engine speed. The resonant frequency 1is
pre-determined by the cylinder shape and the piston posi-
tion.

The optimal 1gnition advance angles are pre-determined
by the engine speed, or can be pre-set at a fixed angle such
as the usual -5° to top dead center (TDC).
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The electromagnetic wave generated by the electromag-
netic wave source 1s no less than 100 W and no more than
200 W,

Wherever required, the frequency range of the electro-
magnetic wave source 1s set within the international com-
mon unlicensed bands, which are: 900 MHz-949 MHz, 2.4
GHz-2.5 GHz and 5 GHz-5.825 GHz, thereby avoiding
interruption to licensed communication frequencies, despite
that the coupling modules 1n this invention are screened in
the ICE and hence will not cause electromagnetic interier-
ence.

Different countries have diflerent standards regarding

licensed bands. (https://en.wikipedia.org/wiki/

List_of WLAN_channels#900_MHz_(802.11ah). In China,
for example, 5500 MHz to 5745 MHz and 5035 MHz to
5170 MHz are not set for public use. Bands of 430 Mhz to
440 MHz and 868 MHz to 915 MHz are extra public bands.
For most communications, the output power 1s usually no
more than 1 W, but the power level can be increased with
certain purchased licenses.

The engine control module momitors the position of the
piston and commands the electromagnetic wave source to
generate electromagnetic wave as the piston reaches the
designated position.

The designated position 1s at the optimal 1gnition advance
angle or close to the TDC. In the latter case, the electro-
magnetic wave 1s 1njected into the cylinder very slightly
ahead of the i1gnition time to allow time for the resonant
ignition to occur during the movement of the piston,
although this extra time 1s negligible.

The 1gnition time 1s also determined by the speed of the
engine.

The engine control module sets up the 1gnition time.
The 1gnition advance angle for each speed 1n the required
speed range for 50% fuel to be combusted when the piston
reaches —5° TDC for example.

Based on the ignition advance angle, the resonant fre-
quency 1s calculated with respect to the geometry of the
cylinder and the emitter of the coupling module.

The electromagnetic wave source includes a power sup-
ply, an electromagnetic wave generator and a power device.
The power supply 1s used to power the electromagnetic
wave generation. The electromagnetic wave Irequency 1s
adjustable in the electromagnetic wave generation.

The circuit 1n the electromagnetic wave generator 1s a
feedback oscillation circuit, which includes but 1s not lim-
ited to LC oscillation or transistor oscillators.

The number of electromagnetic wave generators 1s at least
1. When the number of electromagnetic wave generator 1s 1,
the power device 1s also a power amplifier. When the number
of electromagnetic wave generator 1s more than 1, the power
device 1s a power synthesizer which 1s used to synthesize the
different phases 1n the different electromagnetic wave gen-
crators. The power amplifier 1s to ensure that the output
clectromagnetic wave delivers a suitable power level at the
required frequency.

The feedback oscillation circuit uses adaptable capaci-
tance or adaptable inductance to adjust oscillation 1re-
quency.

The power supply 1s provided by the vehicle DC accu-
mulator.

The power device consists of semiconductors including
transistors and field-effect transistors.

The semiconductors 1n the feedback oscillation circuit
includes but not limit to avalanche diodes, bulk diodes,
bipolar transistors, field-effect transistors and laterally dif-
fused metal oxide semiconductors.
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The electromagnetic wave source also contains a heat sink
and/or a temperature compensation circuit. The heat sink
and/or the temperature compensation circuit are connected
to the power device. The heat sink 1s used for heat radiation
when the power device 1s working. The temperature com-
pensation circuit compensates the temperature effect to the
power device.

The electromagnetic wave source also contains a boost
circuit, which 1s connected between the power supply and
the electromagnetic wave generator. The boost circuit works
when the vehicle DC source 1s unable to provide enough
voltage to power the electromagnetic wave generator.

When the voltage from the power supply 1s lower than the
specified number, the boost circuit 1s turned on.

The coupling module connects the electromagnetic wave
source to the cylinder. The coupling antenna 1s installed 1nto
the sparkplug port of which the shape meets the size of the
port. Part of the antenna 1s extended into the cylinder.

The coupling module contains a coupling antenna, which
1s connected to a transmission line.

The shape and size of the transmission line 1s designed
based on the equivalent impedance and the shape of the
cylinder head. The design should meet the requirement of
impedance matching as a different antenna shape has dii-
ferent 1mpedance. For the transmission line, impedance
matching needs to be considered. Usually the impedance of
a coaxial transmission line 1s 50 or 75 ohms. A small
resistive device may be connected to the transmission line in
series or 1n parallel to adjust the impedance of the transmis-
sion line.

The transmission line consists of a center conductor, an
insulating layer and an outer-layer conductor. The center
conductor 1s 1n the middle, surrounded by the insulating
layer. The outer-layer conductor covers the insulation layer.
These three layers have no gap between each other.

The coupling antenna includes a center antenna and an
outer-layer antenna. The outer-layer antenna 1s built around
the center antenna.

The center antenna 1s the extension of the center conduc-
tor. The outer-layer antenna 1s all, or part, of the extension
of the outer-layer conductor.

The diameter of the center conductor and the thickness of
the 1nsulting layer are determined by the equivalent imped-
ance of the cylinder head.

The msulting layer 1s covered with dielectric insulation
material.

The outer-layer antennas are arranged 1n arrays along the
extension direction of the outer-layer conductor. The arrays
can be close together or dispersed around the center antenna.
The top end of the antennas 1s open to air. The outer-layer
antennas are arranged around the center antenna 1n a claw-
like structure.

The transmission line 1s a coaxial line or a waveguide,
which transmits electromagnetic waves to the antennas.

In the present invention, an electromagnetic volumetric
ignition method 1s also provided for the air-tuel premixed
homogenous charge electromagnetic volumetric 1gnition
internal combustion engine, which 1s:

When the control module of the engine detects the posi-
tion of the piston reaching the preset ignition advance angle,
it sends an ON signal to the electromagnetic wave source.
The electromagnetic wave source generates and transmaits an
clectromagnetic wave at the same frequency as or a fre-
quency closest possible to the resonant frequency of the
cylinder for the preset 1gnition advance angle. The electro-
magnetic wave 1s transmitted through the coupling module
and the antenna. Volumetric 1gnition occurs in the resonant
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clectromagnetic field, which 1s strongly created by the
clectromagnetic wave resonance inside the cylinder.

By option, the output power of the electromagnetic wave
source 1s no less than 100 W and no more than 200 W. The
strength of the electromagnetic field under electromagnetic
wave resonance can reach 10° V/m.

By option, the preset position of the electromagnetic wave
injection timing 1s ahead of 1gnition advance angle.

In the application example of this invention, the electro-
magnetic wave source adopts and makes full use of the
vehicle DC power supply. This offers cost reductions com-
pared with existing methods of electromagnetic wave gen-
eration that uses a magnetron and hence requires an extra
converter to boost voltage for power supply.

In the present invention, the electromagnetic wave ire-
quency 1s controllable under all sorts of engines with various
tuel types. The electromagnetic wave 1s generated with the
same Irequency as the resonant frequency of the cylinder
head at each different 1gnition advance angle for different
engines. The chance of frequency mismatch 1s decreased and
the 1gnition success 1s ensured. In addition, most commonly
adopted frequency in existing inventions concerning elec-
tromagnetic wave 1gnition 1s set to 2.45 GHz due to the fixed
magnetron geometry. A fixed magnetron geometry can only
generate fixed-frequency electromagnetic waves. Frequency
mismatch often occurs if the magnetron i1s used as the
clectromagnetic wave source. The strength of the electro-
magnetic field decreases quickly with a frequency mis-
match, resulting in a low success rate of 1gnition.

Impedance match 1s covered by designing the antenna to
cover the equivalent impedance of the cylinder head. Thus,
the energy reflection 1s at the lowest under impedance
matching. It takes no more than 200 W of the mput power
for the electromagnetic wave source to create a strong
enough electric field for successtul 1gnition.

Finally, the 1gnition timing can be controlled precisely by
controlling the electromagnetic wave generator circuitry.

This avoids unnecessary plasma generation that decreases
the strength of the resonant electromagnetic field.

BRIEF DESCRIPTION OF THE DRAWINGS

In this part, pictures and diagrams are provided as
examples to aid understanding of the present invention and
to 1llustrate 1ts applications, but should not restrict the
applications.

FIG. 1 Functional structure of a homogeneous charge
clectromagnetic volumetric ignition internal combustion
engine

FIG. 2 Illustration of the first type structure of the
coupling module

FIG. 3 Illustration of the second type structure of the
coupling module

FIG. 4 3D electric field of one example with the first type
structure of the coupling module at resonance

FIG. § Electric field distribution of the example with the
first type structure of the coupling module at resonance

FIG. 6 3D electric field of another example with the
second type structure of the coupling module at resonance

FIG. 7 Electric field distribution of the example with the
second type structure of the coupling module at resonance

FIG. 8 Flowchart of the homogenous charge electromag-
netic volumetric ignition method

FIG. 9 Structure of one cylinder of the homogenous

charge electromagnetic volumetric ignition ICE
FIG. 10 First example of the electromagnetic wave source
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FIG. 11 First example of the electromagnetic wave gen-
erator

FIG. 12 Second example of the electromagnetic wave
SOUrCe

FIG. 13 Example of a bipolar transistor feedback oscil-
lation circuit

FIG. 14 Example of a GaAs metal semiconductor field-
eflect transistor oscillation circuit

FIG. 15 DC boost circuit

FIG. 16 Relative dielectric constant of three diflerent fuels
under different air-fuel ratios

FIG. 17 Combustion ratios under different engine speeds

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

Examples are explained in the following along with
diagrams to aid understanding of the techniques applied to
realize the present mnvention.

In the present invention, the frequency i1s controllable in
the electromagnetic wave source. It 1s easy to adjust the
output frequency to the resonant frequency of the cylinder
head, which 1s aflected by the fuel type and the ignition
advance angle. Thus, the techniques in this invention pro-
vide strong applicability and generality.

Once the engine and fuel are known, the 1gnition advance
angle can be determined. As 1n a spark 1gnition engine, the
1gnition advance angle 1s determined based on the middle to
high speed of the engine.

Piston movement and air-fuel ratio variation should both
be taken into consideration when determining the ignition
advance angle for the HCEMVI engine. FIG. 16 shows that
the relative dielectric constant of fuel changes with the
air-fuel ratio. The resonant frequency changes if the relative
dielectric constant of fuel changes in a constant space. There
1s an optimal 1gnition advance angle for each engine speed
due to different piston position. This angle 1s defined as the
ignition angle from which, when the piston moves to -5°
TDC, the combustion of 50% of the entire fuel has just
occurred (the so-called ‘CA30’). FIG. 17 illustrates the
combustion speed vs. engine speed with fixed i1gnition
advance angles. An optimal 1gnition advance angle 1is
selected to satisty CASO.

The sensitivity of the resonant frequency under a moving,
piston needs to be considered. The sensitivity 1s defined as
how long the mistuning happens after the resonance has
occurred 1n the cylinder. Studies show that the sensitivity
decays when the piston moves away from the TDC. Finally,
the 1gnition advance angle 1s determined based on the
air-fuel ratio, the engine speed and the sensitivity of the
resonant frequency.

The following describes an application of the present
invention.

FIG. 9 depicts an 1llustrative type of air-tuel pre-mixed
HCEMYVI engine. The engine consists of an inlet valve, an
outlet valve, a piston and a cylinder. The piston moves up
and down 1n the cylinder. The piston position refers to a
moving position ol the piston. The fuel can be gasoline,
natural gas, biofuels or diesel. Any engine that 1s suitable for
spark 1gnition would be a suitable application of the present
invention.

As shown 1n FIG. 1, the 1gmition system B includes an
engine control module E, an electromagnetic wave source
B1, a coupling module B4 and a cylinder C. The electro-
magnetic wave source and the coupling module are con-
nected by a transmission line B2. The coupling module
includes a coupling antenna B3 and the transmission line B2.
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The coupling module along with the cylinder C forms a
resonant structure similar to a circuit of capacitance and
inductance. The engine control module momitors the engine
speed and turns on electromagnetic wave source B1 when
the piston reaches the preset 1gnition position. The electro-
magnetic wave generated 1n Bl 1s transmitted through the
coaxial transmission line B2 to the coupling antenna B3, and
reaches the cylinder C. The coupling antenna B3 1s located
at the sparkplug port of the cylinder C. The antenna has a
similar structure to the sparkplug so that a sparkplug engine
can be upgraded easily to an HCEMVI engine. The structure
shown 1n FIG. 9 1s one example application of the present
invention, while the mvention 1s applicable to many other
engines such as a 4-valve or 5-valve cylinder.

The following 1s the principle of HCEMVI design.

The fundamental principle 1s to let the electromagnetic
wave resonate 1 the cylinder where the injected electro-
magnetic wave has the same frequency as the resonant
frequency of the cylinder.

The cylinder resonant frequency 1s not constant because
of the moving piston. The frequency varies continuously as
the piston moves. The resonant frequency 1s determined by
the piston position given the fuel type. With a typical
ignition advance angle such that 50% fuel 1s burned, for
example, the resonant frequency can be calculated for the
piston position at —5° TDC.

The frequency of the electromagnetic wave generated by
a magnetron 1s fixed 1I a magnetron 1s used. When the
injected electromagnetic wave frequency 1s away from the
resonant frequency of the cylinder, the strength of the
clectric field generated drops rapidly. It 1s hard to 1gnite fuel
in this situation and hence this invention uses a semicon-
ductor electromagnetic wave generator.

Thus 1n this mvention, the electromagnetic wave ire-
quency 1s controllable to avoid mistuning.

Meanwhile, impedance matching 1s implemented 1n the
coupling module: the minimum power of electromagnetic
wave required to be injected 1nto the cylinder with minimum
reflection. It also increases the magnification times of the
clectric field strength under resonance.

The power of the electromagnetic wave should be no less
than 50 dBm or 100 W to guarantee the strength of the
clectric field.

The following 1s the core concept 1n this invention.

Usually the engine speed 1s from 650 rpm to 7200 rpm.
The 1gnition advance angle 1s diflerent at a different engine
speed. A natural gas engine has an 1gnition advance angle 8
to 10 degrees ahead of that of the gasoline engine at the same
speed. A duel fuel engine has an 1gnition advance angle that
1s slightly ahead of the gasoline engine but behind the
natural gas engine.

For a known engine speed, tests are carried out to find the
optimal 1gnition advance angle that satisties CA50. More-
over, the ranges of the cylinder resonant frequencies and
piston positions are obtained by calculations and experi-
ments.

Based on the relationships between the engine speed and
the 1gnition advance angle and between the cylinder reso-
nant frequency and the igmition advance angle, the preset
ignition advance angle and the frequency of the injected
clectromagnetic wave are set up. When the engine 1s run-
ning, the engine control module notifies the electromagnetic
wave source when to generate electromagnetic wave with
the preset frequency. Then the electromagnetic wave
becomes resonant when the piston reaches the preset posi-
tion. Once the resonance occurs, a strong electric field 1s
created to 1gnite the air-fuel mixture.
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The electromagnetic wave 1s controllable 1n this inven-
tion. Thus corresponding to the type of fuel that 1s used for
the engine, the 1gnition advance angle and the cylinder
resonant frequency are determined. The electromagnetic

wave source 1s set to generate the determined frequency of 53

the electromagnetic wave.

In practical applications, the frequency of the injected
clectromagnetic wave will have a small offset to the cylinder
resonant frequency at ignition advance angle. Hence the
frequency of the injected electromagnetic wave 1s deter-
mined ahead of the ignition advance angle so that the
resonance will occur after the piston moves after the 1njec-
tion of the electromagnetic wave. This reduces mistuning,
and guarantees 1gnition.

Solution of Optimum Coupling:

The coupling module has an output impedance while the
cylinder has an mput impedance. In an i1deal situation, the
output 1mpedance of the coupling module should be the
same as the input impedance of the cylinder. The reflection
ol electromagnetic wave transmission will thus be as low as
Zero.

The mput impedance of the cylinder varies because the
shape of the cylinder varies. This makes impedance match-
ing diflicult to realize. If the impedance 1s not fully matched,
the retlection of electromagnetic wave will be large. This
will reduce the strength of the electric field generated by
resonance and cannot provide enough energy for i1gnition.
This 1ssue 1s addressed 1n this mnvention.

The output impedance of the coupling module 1s based on
the shape and structure of the coupling antenna. In this
invention, the coupling antenna 1s designed to satisiy the
impedance matching requirement. Under impedance match,
the 1input electromagnetic wave power 1s no more than 200
W. Usually 100 W of mput power 1s adequate for i1gnition
under resonance.

The following 1s one example application of the HCEMV]I
engine.

As shown 1n FIG. 1, the HCEMVI system B includes an
engine control module E, an electromagnetic wave source
B1, a coupling module B4, which consists of a transmission
line B2 and a coupling antenna B3. The HCEMVI system B
transmits electromagnetic wave to the cylinder C, and the
cylinder C drives the mechanical part of the engine D. The
HCEMVI system B 1s powered by the vehicle power supply
A.

As shown 1n FI1G. 9, fuel and air are premixed. The engine
control module E monitors the position of the piston and
sends a command to the electromagnetic wave source Bl
when the piston reaches the preset position. The resonance
occurs during the process of piton moving. The resonant
frequency of the cylinder C i1s the same as the electromag-
netic wave frequency from the electromagnetic wave source
B1.

The electromagnetic wave source Bl generates electro-
magnetic wave once receiving the command from the engine
control module. The generated electromagnetic wave 1s at
the same frequency as or a frequency closest possible to the
resonant frequency of the cylinder head. The electromag-
netic wave 1s transmitted to the coupling module B4.

The coupling module B4 transmits the electromagnetic
wave to the cylinder C. Resonating inside the cylinder head,
the electromagnetic wave creates an electric field strength
exceeding the threshold intensity for ignition. The nput
power of the coupling module B4 1s no less than 100 W and
no more than 200 W,

The extension part of the coupling module B4 extends
into the cylinder C through the sparkplug port, mostly to the
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space surrounded by the outer-layer antenna and the 1solat-
ing layers. The cylinder forms a resonant cavity for the
clectromagnetic wave. The resonant electric field reaches a
strength over 10° V/m, which is the threshold intensity of
1gnition.

The following 1s one example of the HCEMVI

FIG. 8 shows the flowchart of the HCEMVI
including;

Step 1: Monitor the piston position and send commands to
the electromagnetic wave source B1 to generate electromag-
netic wave just before the 1gnition advance angle.

Step 2: Generate electromagnetic wave at the resonant
frequency or 1its closest possible with the current i1gnition
advance angle and engine speed by the electromagnetic
wave source.

The power of the electromagnetic wave should be no less
than 100 W and no more than 200 W.

Step 3: Transmit the electromagnetic wave at the resonant
frequency or 1ts closest possible of the cylinder head to the
coupling module.

Step 4: Transmit the electromagnetic wave by the cou-
pling module to resonant in the cylinder and generate an
clectric field with the strength reaching threshold intensity of
1gnition.

The strength of the electric field is above 10° V/m.

The following 1s an example electromagnetic wave source
in the HCEMVI engine.

Electromagnetic wave source i the present mvention
includes a DC power supply, an electromagnetic wave
generation circuit and a power device.

The DC power supply 1s powered by the vehicle DC
power supply.

The electromagnetic wave generation circuit generates
clectromagnetic wave with adjustable frequency. The fre-
quency 1s set as the resonant frequency or 1ts closest possible
of the cylinder head at the ignition advance angle. The
clectromagnetic wave generation circuit 1s realized by a
teedback oscillation circuat.

The power device 1s used to adjust the phase of the
clectromagnetic wave or amplily the electromagnetic wave.

Optionally, 1n this example, 1f the voltage of the vehicle
DC power 1s lower than the required voltage of the electro-
magnetic wave source, e.g. 42V, a boost circuit 1s used to
ensure that the power supply provides adequate voltage for
the electromagnetic wave source to generate electromag-
netic wave that 1s no less than 100 W and no more than 200
W.

Optionally, 1 this example, the electromagnetic wave
source may contain one or more generation circuits.

If the electromagnetic wave source has only one genera-
tion circuit, the power device 1s also a power amplifier.

If the electromagnetic wave source has more than one
generation circuit, the power device 1s used to unily the
phases of the electromagnetic waves such that electromag-
netic waves from the different generation circuits can be
added together.

Optionally, 1n this example, the electromagnetic wave
source may 1nclude a heat sink and a temperature compen-
sation circuit to deal with the heat generated by the power
device. The heat sink 1s used for heat dissipation.

The temperature compensation 1s used to compensate for
the temperature etlects.

There are many ways to implement the electromagnetic
wave source. The following are for illustration.

FIG. 10 shows an example of the electromagnetic wave
source, which includes a DC power supply, an electromag-
netic wave generator and a power amplifier.

method.
method,
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The power supply 1s powered by the vehicle power
supply. Whether a boost circuit 1s needed or not depends on
whether the voltage from the vehicle power supply 1s high
enough.

FIG. 15 shows the basic principle of the boost circuit. The
vehicle power supply 1s 12 V. The DC power 1s turned 1nto
AC through a high-frequency switching signal. The voltage
1s boosted through a converter with AC as input. V_ _1n FIG.
15 1s the boosted voltage.

The electromagnetic wave generation circuit 1s a feedback
oscillation circuit. Devices 1n the feedback oscillation cir-
cuits include but are not limited to avalanche diodes, bulk
ellect diodes, bipolar diodes, field-etlect diodes, and later-
ally diffused metal oxide semiconductors.

The power device includes transistors and field effect
diodes, such as GaAs-HEMT, GaN-HEMT, GaAs-MESFET,
S1Ge-HBT, InP-HBT, GaAs-HBT, LDMOS. For stable out-

put, the heat sink and temperature compensation circuit are
used for the high heat generated from the power devices.

FIG. 11 shows the principle of a said feedback circuit,
which 1s one of the means of generating stable electromag-
netic waves. As shown, the feedback voltage 1s also the
output voltage. Through the amplifier, the output power of
the circuit 1s amplified in multiple times. The feedback 1s
negative feedback, through which the amplification stabi-
lizes the output power at the desired level.

The following explains how to control the frequency of
the electromagnetic wave in FIG. 11.

FIG. 13 shows one example implementation of the feed-
back oscillation circuit as a bipolar oscillation circuit. V..
and V - are the power supplies, which are the output voltage
from the boost circuit. V_ _ 1s the output voltage of the
clectromagnetic wave. Based on the working principle of an
LC oscillating circuit, the coil stops changes in current when
the capacitor discharges to the coil. The quality factor (Q
value) decreases when the current amplification factor
increases, of which the energy transiers from the electric
field to the magnetic field. The square of frequency 1is
inversely proportional to the coil L and the capacitor C.
Hence, the frequency is adjusted by changing the inductance
and/or the capacitance. For example, the frequency of the
output electromagnetic wave from the oscillation circuit 1s
increased by reducing the capacitance of the capacitor or the
inductance 1n coil L.

FIG. 14 shows another example implementation of the
teedback oscillation circuit as a GaAs MESFET oscillation
circuit. Siumilar to the bipolar implementation above, the
output eclectromagnetic wave Irequency 1s changed by
adjusting the capacitance and the imnductance.

The means of implementing the oscillation circuits are not
limited to the above.

FIG. 12 1s another example of the electromagnetic wave
source, which includes a DC power supply, multiple elec-
tromagnetic wave generators 1n parallel and a power device.

The power supply 1s the vehicle power supply. Whether
the boost circuit 1s needed depends on whether the vehicle
power supply can provide enough voltage. The output power
of the multiple electromagnetic wave generators 1s the sum
of all outputs from the individual electromagnetic wave
generators. The number of generators 1s not limited. The
power device 1s used to adjust the phases of the electromag-
netic waves to the same.

Any circuit that can generate electromagnetic waves can
be used, including those shown 1n FI1G. 13 and FIG. 14. The
present mnvention 1s not limited to the ones shown 1n FIG. 13
and FIG. 14.
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The following 1s an example application of the coupling
module i the HCEMVI engine.

As shown i FIG. 2 and FIG. 3, the coupling module

includes a transmission line and extended antennas in the
direction of the transmission line.

The center conductor 2 1s i1n the central axis of the
transmission line. The insulation layer 3 covers the central
axis. The outer-layer conductor 1 covers around the insula-
tion layer 3. The antennas include the center antenna 5 and

the outer-layer antenna 4, which 1s around the center antenna
5. The center antenna 5 i1s the extension of the center
conductor 2, which extends 1nto the cylinder. The outer-layer
antenna 4 1s the extension of the outer-layer conductor 1,
which also extends into the cylinder. The number of outer-

layer antennas 4 1s no less than the number of center antenna
5.

The cylinder contains the cylinder head 9 and the cylinder
body 8. The piston moves 1n the cylinder body 8. When 1t
moves close to the TDC, the cavity formed by the cylinder
head 9 with the piston 1s where the resonance and the
ignition occur. The electromagnetic wave 1s injected into the
cavity through the coupling antenna 1n the port as used by a
normal sparkplug.

The coupling antennas at the outer-layer and the trans-
mission line 1in the center are separated by the insulation
layer 6. When the insulation layer 1s of non-heat-resistant
maternial, the insulation layer in 6 1s covered with heat
insulation material, such as ceramics. If the insulation layer
1s of a heat-resistant material, then there 1s no need for extra
heat resistant matenal.

The output impendence of the coupling module 1s deter-
mined by the diameter of the center conductor and the
thickness of the mnsulating layer. These two parameters are
designed to meet the requirements of impendence matching
to minimize the iput power of the electromagnetic wave
source.

The 1nstallation size of the coupling module 1s the same
as that of a sparkplug. In a practical application, the diameter
of the center conductor 2 and the thickness of the insulating
layer 3 are designed to meet the impendence matching
requirements. Only the thickness of the outer-layer conduc-
tor 1 can be adjusted to suit the size and the shape of the
sparkplug port.

The designs of the antenna geometry described in the
present invention are for illustration only. The antennas are
not limited to the illustrated. The following presents the
results of the application examples to demonstrate the per-
formance and practicability of the mnvention.

When the input power of the electromagnetic wave source
1s 1 W, the electric field distribution 1s as follows:

FIGS. 4 and 5 are the 3D electric field and the distribution
of the example with the first type structure of the coupling
module at resonance

FIGS. 6 and 7 are 3D eclectric fields and distributions of
the example with the second type structure of the coupling
module at resonance

Table 2 shows the value of the strongest point in each
clectric field with three diflerent sets of antennas. The 1mput
power 1s set to 1 W. The strength of the electric field 1s over
10° V/m. When the input power is over 100 W, the strength
of the electric field reaches 10° V/m.

The threshold intensity of ignition is 10° V/m. The current
vehicle power supply 1s adequate to power the electromag-
netic wave source. The 1gmition method of this invention
allows not only to 1gnite the air-fuel mixture of a fuel/air
ratio as lean as 1:235, but also to use the types of fuel that are
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difficult to 1gnite, such as propane. The coupling module 1s
not limited to the two aforementioned examples.

TABLE 2

electric field intensity when input power 1s 1 W

Length of Electric field
outer-layer Input frequency Distance from testing intensity
conductor (mm) (10° Hz) point to TDC (m) (10° V/m)
2 2.5875 0.035 5.582
2.25 2.5852 0.035 5.917

Based on the theory of antennas, 1t 1s best that the length
of the coupling antenna 1s %4 of the wavelength of the
clectromagnetic wave. In the above examples, when the

iput power 1s 1 W the itensity of the resonant electric field
is over 5.8x10° V/m.

In the present invention, the cavity of resonance is the
cylinder head of an 1rregular shape. The resonant mode and
frequency are related to the depth of the cavity, which 1s the
distance from the cylinder head to the piston. Hence, the
length of the antenna 1s aflected by the piston position.

Studies show that the center antenna 5 1s related to the
clectromagnetic wave wavelength. The wavelength 1s
related to the depth of the cylinder, which 1s the distance
from the cylinder head to the piston. The length L1 of the
center antenna should be greater than zero and less than 50%
of the cylinder depth. Additionally, the length 1.1 should be
in the range of ¥4 of the wavelength+10%.

The optimum length of L1 1s close to 13 of the wavelength
of the electromagnetic wave (usually 30% to 35%). Studies
reveal that the best value of the length L1 1s 33.74% of the

wavelength. When the mput power 1s 1 W, the maximum

value of the intensity of electric field is 1.18x10° V/m, which
1s much higher than the traditional theoretical number.

In the application examples, the electromagnetic wave
source 15 powered by the vehicle power supply and extra
power supply 1s not needed. An extra power supply may be
necessary when a magnetron 1s used as the electromagnetic
wave source. Adopting the present invention would not need
the extra power supply and hence lead to cost savings.

The frequency of electromagnetic wave 1n the system 1s
controllable. It can be applied to all kinds of engines with
different 1gnition advance angles. The frequency of the
clectromagnetic wave source 1s set to the resonant frequency
or 1ts closest possible of the cylinder head at the 1gnition
advance angle. The 1gnition timing 1s almost the same as the
resonant time. Thus the chance for mistuning is reduced and
ignition 1s guaranteed. If a magnetron 1s used, the frequency
of the electromagnetic wave from the magnetron 1s fixed,
usually at 2.45 GHz. The cylinder will be at mistune for
most of the time with the intensity of the electric field
decreasing rapidly at mistune. In this case, ignition 1is
difficult due to insuthicient energy, and hence this invention
uses a variable frequency circuit.

Impedance matching 1s also taken into consideration in
this invention. With impedance matching, the reflection of
clectromagnetic wave 1s at the lowest, which increases the
chance for ignition. The mput power of the electromagnetic
wave 1s no more than 200 W.

Finally, 1ignition timing 1s controlled precisely in this
invention by controlling the time of the generation and
injection of the electromagnetic wave. The resonance and
clectric field form quickly after the injection of electromag-
netic wave and so does 1gnition. Hence, generation of
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plasma from early injection of electromagnetic wave 1s low,
which reduces possible decay of the electric field intensity.

Despite these application examples of this invention, any
other forms including different combinations, alterations or
modifications are covered in this patent. Any improvement
that 1s based on this invention should be covered in this
patent.

What are claimed are:

1. A homogenous charge electromagnetic volumetric 1gni-
tion 1internal combustion engine with pre-mixed air and fuel,
comprising;

an electromagnetic source, a cylinder, a coupling module

and an engine control module; the electromagnetic
wave source being operated by the engine control
module to adjustably generate an electromagnetic
wave;

wherein a frequency of the electromagnetic wave 1s set to

a resonant frequency or its closest possible of a cylinder
head at an 1gnition advance angle, and the electromag-
netic wave 1s transmitted through the coupling module
into the cylinder with the cylinder head;

wherein the resonant frequency 1s determined by a fuel

type and the 1ignition advance angle of the homogenous
charge electromagnetic volumetric 1gnition internal
combustion engine, the 1gnition advance angle 1s deter-
mined by an air-fuel ratio, an engine speed and a
sensitivity of resonant frequency of the homogenous
charge electromagnetic volumetric 1gnition internal
combustion engine, and the sensitivity of resonant
frequency 1s defined as how long a mistuning happens
after a resonance has occurred 1n the cylinder.

2. The homogenous charge electromagnetic field 1gnition
internal combustion engine according to claim 1, wherein
the homogenous charge electromagnetic field 1gnition inter-
nal combustion engine 1s compatible with multiple fuels,
which comprise but are not limited to gasoline, diesel,
natural gas and biofuels.

3. The homogenous charge electromagnetic field 1gnition
internal combustion engine according to claim 1, wherein
the combustion mixture of air and fuel 1s pre-mixed before
1gnition.

4. The homogenous charge electromagnetic field ignition
internal combustion engine according to claim 1, wherein
the engine control module monitors the engine speed and the
piston position and thus determines the operation timing of
the electromagnetic wave source.

5. The homogenous charge electromagnetic field 1gnition
internal combustion engine according to claim 1, wherein
the frequency of electromagnetic wave generated by the
clectromagnetic wave source 1s set to the same as the
resonant {requency or its closest possible of the cylinder
head with the piston at the ignition advance angle.

6. The homogenous charge electromagnetic field ignition
internal combustion engine according to claim 1, wherein
the emission power of the electromagnetic wave source 1s
between 100 W and 200 W.

7. The homogenous charge electromagnetic field ignition
internal combustion engine according to claim 1, wherein
the frequency of the electromagnetic wave 1s adjustable and
its range can be set according to the international public
frequency range.

8. The homogenous charge electromagnetic field 1gnition
internal combustion engine according to claim 1, wherein
when the engine control module detects the piston reaching
the set position 1n accordance with the ignition advance
angle, a turning on command 1s sent to the electromagnetic
wave source by the engine control module.
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9. The homogenous charge electromagnetic field 1gnition
internal combustion engine according to claim 8, wherein
the set position of piston 1s before the i1gnition advance
angle.

10. The homogenous charge electromagnetic field 1gni-
tion 1internal combustion engine according to claim 8,
wherein the ignition advance angle 1s calculated to meet
middle-high engine speeds.

11. The homogenous charge electromagnetic field 1gnition
internal combustion engine according to claim 8, wherein
the method to determine ignition advance angle 1s as fol-
lows:

a. calculate the 1gnition advance angle for middle-high
engine speed when CAS0 occurs at —5° before the top
dead center;

b. the resonant frequency and the piston position when
resonance decreases are calculated for each ignition
advance angle.

12. The homogenous charge electromagnetic field 1gni-
tion 1internal combustion engine according to claim 1,
wherein the electromagnetic wave source comprises a power
supply, an electromagnetic wave generator and a power
device; the power supply adjusts the vehicle electric power
into suitable voltage for the electromagnetic wave signal
generator; the electromagnetic wave generator generates
adaptable electromagnetic waves; the power device ampli-
fies and/or modulates the electromagnetic wave.

13. The homogenous charge electromagnetic field 1gni-
tion nternal combustion engine according to claim 12,
wherein the electromagnetic wave generator uses an oscil-
lating circuat.

14. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 12,
wherein the power device 1s also an amplifier when the
number of electromagnetic wave signal generator 1s one; the
power device 1s a power combiner when the number of
clectromagnetic wave generators 1s more than one.

15. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 13,
wherein the oscillating circuit uses tunable capacitance
and/or inductance to adjust the output frequency of the
clectromagnetic wave.

16. The homogenous charge electromagnetic field 1gni-
tion nternal combustion engine according to claim 12,
wherein the power supply 1s from the vehicle DC power.

17. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 12,
wherein the power device uses semiconductors including
transistors and/or field effect transistors.

18. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 12,
wherein the semiconductors in the electromagnetic wave
signal generator are but are not limited to avalanche diodes,
bulk diodes, bipolar transistors, field eflect transistors and/or
laterally diffused metal oxide semiconductors.

19. The homogenous charge electromagnetic field 1gni-
tion nternal combustion engine according to claim 12,
wherein the heat sink, which absorbs and dissipates the
excess heat generated by the power device, and/or the
temperature compensation component, which 1s to compen-
sate the error caused by high temperature, are auxiliaries to
the electromagnetic wave generator.

20. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 12,
wherein the electromagnetic wave signal generator com-
prises a boost circuit and a signal generator; the boost circuit
connects the signal generator to the power supply.
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21. The homogenous charge electromagnetic field 1gni-
tion nternal combustion engine according to claim 20,
wherein the boost circuit 1s activated when the voltage of the
power supply 1s below the required level.

22. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 1
wherein the coupling module comprises a transmission line
and a coupling antenna; and the transmission line connects
the coupling antenna to the electromagnetic wave source;

the transmission line comprises a center conductor, an
insulating layer and an outer-layer conductor; the cen-
ter conductor 1s 1n a central axis of the transmission
line, the mnsulating layer covers the center conductor,
and the outer-layer conductor covers around the 1nsu-
lating layer;

the coupling antenna comprises a center antenna and an
outer-layer antenna around the center antenna, the
center antenna 1s an extension of the center conductor
and extends into the cylinder, the outer-layer antenna 1s
an extension of the outer-layer conductor and extends
into the cylinder, and the outer-layer antenna 1s around
the center antenna 1n a claw-like structure.

23. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 22,
wherein the transmission line 1s a coaxial cable or a wave-
guide.

24. The homogenous charge electromagnetic field 1gni-
tion nternal combustion engine according to claim 22,
wherein the size of the transmission line or the geometry of
the waveguide 1s determined based on the geometry of the
cylinder and the matching impedance of the cylinder.

25. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 22,
wherein a diameter of the center conductor and a thickness
of the msulating layer are determined according to a size and
a matching impedance of the cylinder.

26. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 22,
wherein the surface of the insulation layer at the connection
of the antenna and the transmission line 1s covered with
dielectric insulation material that allows the electromagnetic
wave to be transmitted.

27. The homogenous charge electromagnetic field 1gni-
tion nternal combustion engine according to claim 22,
wherein the outer-layer antenna 1s arranged in array con-
figuration along the extension of the outer-layer conductor;
the top end of the outer-layer antenna 1s open; the lateral side
of the outer-layer antenna 1s closed and/or open around the
center antenna.

28. A method of homogenous charge electromagnetic
volumetric 1gnition, which 1s applied to a pre-mixed air-fuel
homogenous charge electromagnetic volumetric ignition
internal combustion engine, comprising;:

a. detecting a piston position reaching a present position
and sending an ON signal from an engine control
module to a electromagnetic wave source, wherein the
clectromagnetic wave 1s generated at the same {ire-
quency as a resonant frequency or its closest possible of
a cylinder head at a preset ignition advance angle and
transmitted through the coupling module, the resonant
frequency 1s determined by a fuel type and the preset
ignition advance angle of the pre-mixed air-fuel
homogenous charge electromagnetic volumetric 1gni-
tion internal combustion engine, the preset ignition
advance angle 1s determined by an air-fuel ratio, an
engine speed and a sensitivity of resonant frequency of
the pre-mixed air-fuel homogenous charge electromag-
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netic volumetric 1gnition internal combustion engine,
and the sensitivity of resonant frequency i1s defined as
how long a mistuning happens aiter a resonance has
occurred 1n the cylinder;

b. 1gniting bulk of an air-fuel mixture in an electromag-
netic field which 1s created by an electromagnetic
resonance inside a cylinder with the cylinder head.

29. The homogenous charge electromagnetic field 1gni-
tion internal combustion method according to claim 28,
wherein the homogenous charge electromagnetic field 1gni-
tion 1nternal combustion engine can use multiple fuel types
including but are not limited to gasoline, diesel, natural gas,
or biofuels.

30. The homogenous charge electromagnetic field 1gni-
tion nternal combustion engine according to claim 28,
wherein the air and fuel are pre-mixed before 1gnition.

31. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 28,

wherein the power of the electromagnetic wave source 1s no
more than 200 W and no less than 100 W; the strength of the
electromagnetic field can reach the same level as 10° V/m.

32. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 28,
wherein the preset position of the piston 1s before the
ignition advance angle.

33. A homogenous charge electromagnetic volumetric
ignition internal combustion engine with pre-mixed air and
tuel, comprising:

an electromagnetic source, a cylinder, a coupling module

and an engine control module; the electromagnetic
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wave source being operated by the engine control
module to adjustably generate an electromagnetic
wave;
wherein a frequency of the electromagnetic wave 1s set to
a resonant frequency or its closest possible of a cylinder
head at an 1gnition advance angle, and the electromag-
netic wave 1s transmitted through the coupling module
into the cylinder with the cylinder head;
wherein the coupling module comprises a transmission
line and a coupling antenna, and the transmission line
connects the coupling antenna to the electromagnetic
wave source;
wherein the transmission line comprises a center conduc-
tor, an isulating layer and an outer-layer conductor;
the center conductor 1s 1 a central axis of the trans-
mission line, the insulating layer covers the center
conductor, and the outer-layer conductor covers around
the mnsulating layer;
wherein the coupling antenna comprises a center antenna
and an outer-layer antenna around the center antenna,
the center antenna 1s an extension of the center con-
ductor and extends into the cylinder, and the outer-layer
antenna 1s an extension of the outer-layer conductor
and extends into the cylinder;
wherein a length of the center antenna 1s in a range of 14
of a wavelength of the electromagnetic wavex10%.
34. The homogenous charge electromagnetic field 1gni-
tion internal combustion engine according to claim 33,
wherein the outer-layer antenna 1s around the center antenna
in a claw-like structure.
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